Introduction
Compacted soil-lined lagoons are the predominant method of containing waste from large-scale animal feeding operations (AFOs). Under current guidelines, soil to be used for liner construction must meet a specified hydraulic conductivity mandated by state regulating agencies. Evidence suggests that lagoons built under these guidelines still export a substantial amount of nitrogen, namely NH 4 -N, into the underlying subsoil (Ham, 2002; Ham and DeSutter, 2000; Ham and DeSutter, 1999) . Export of NH 4 -N is a function of the concentration of Ca, Mg, K, Na, and other lagoon liquor constituents, seepage rate, and mineralogy of the soil liner and sub-soils. Currently, state regulations for lagoon liner construction do not address strategies to reduce the downward movement of NH 4 -N.
Objective
Utilize our knowledge of soil chemistry to develop the methodology to evaluate soils on their ability to selectively sorb and retain NH 4 -N using binary (Ca-K, Ca-NH 4 , and K-NH 4 ) and ternary exchange (Ca-K-NH 4 ) reactions.
Justification
Based on our current knowledge of AFO lagoon systems a simple model was developed that predicts the downward movement of NH 4 -N year -1 . Model parameters include CEC of the underlying soil, bulk density of the liner (B d ), seepage rate (S), equivalent fraction of NH 4 -N on the exchange sites, and concentration of NH 4 -N in the liquor. Given the parameters stated within the figure below, a soil having a CEC of 10 cmol kg -1 and an equivalent fraction of NH 4 -N on the soil of 0.1 would need 186 cm of soil year -1 to sorb 100% of the NH 4 -N in the leachate. Conversely, if one used a soil having a CEC of 20 cmol kg -1 and an ability for 0.5 of the exchange sites to be occupied by NH 4 -N then only 19 cm of soil year -1 would be needed to retain 100% of the NH 4 -N from the leachate. Thus, using soils that have a high selectively for Rothmund-Kornfeld exchange constants from the binary exchanges are used to solve: where N is the equivalent fraction of cation i (NH 4 ), j (K), or k (Ca) on the exchanger; is the activity coefficient of cation i, j, or k in the solution phase; z is the valence charge; and C is the concentration (mol m -3 ) of cation i, j, or k in the solution phase. A plot of :
Theoretical
Following the Rothmund-Kornfeld approach outlined in Bond (1995) and Bond and Verburg (1997) , ternary exchange between Ca-K-NH 4 was predicted from Gaines-Thomas binary exchange reactions between Ca-K, Ca-NH 4 , and K-NH 4 . The Gaines-Thomas working form of the RothmundKornfeld equation is:
Methods

Laboratory
Binary exchange isotherms were determined on three Kansas soils for Ca-K, Ca-NH 4 , and K-NH 4 exchange. All soils were: 1) previously approved for lagoon liner construction; 2) noncalcareous; 3) not previously exposed to animal waste. A flow-through system was developed where 1 g of Ca or K saturated soil was exposed to 4-L of solution having varying concentrations of binary solutions (Figure 2 ). Eleven solutions (I = 0.05) were evaluated for each binary reaction and reactions were performed in duplicate. After reaction, 0.5 g of soil was washed with 5-20 ml aliquots of 95% ethanol and extracted for cations with 10-mL of 0.5 M sodium acetate. Ca and K were determined using ICP and NH 4 was determined using colorimetric techniques.
Ternary solutions (I = 0.05) were prepared that contained: 1) an equal equivalence of Ca, K, and NH 4 , 2) an elevated concentration of Ca; 3) an elevated concentration of K; and 4) an elevated concentration of NH 4 . These four mixtures were also prepared with a 100 mg L -1 background of Na. The three soils were equilibrated with the ternary solutions as described above.
Physical and chemical properties of the three soils are located in Table 1 . 
Results
Binary exchange isotherms indicate that for all soils K was preferred over NH 4 while K and NH 4 were preferred over Ca (See Figure 3 for Ca-NH 4 exchange isotherm).
The Rothmund-Kornfeld model worked very well for predicting equivalent fractions of Ca, K, and NH 4 on all three exchangers ( Figure 4A ).
The addition of 100 mg Na L -1 to the ternary solutions, a concentration similar to that found in swine and cattle lagoons, did not affect the relationship between actual and predicted exchanger phase equivalent fractions for the three soils ( Figure  4B ). Figure 4 . Predicted vs. actual equivalence fractions for Ca, K, and NH 4 on the three exchangers for the ternary solutions: (A) no Na background in the solutions and (B) with a 100 mg Na L -1 added to each ternary solution.
Conclusions
The Rothmund-Kornfeld approach presented by Bond (1995) and Bond and Verburg (1997) for determining Ca-K-NH 4 exchange from binary data worked very well with and without Na added to the ternary solutions. The possibility now exists to evaluate noncalcareous soils on their ability to retain NH 4 using knowledge of typical concentrations of cations found in animal waste lagoons. Although, more research is needed to determine the effects of organic C on binary and ternary exchange isotherms and also determine the effectiveness of the model on varying concentrations of Ca, K, and NH 4 and Na in the lagoon liquor.
